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THE PREPARATION OP PURE ISOTOPICALLY ENRICHED LITHIUM HYDROXIDE 
SOLUTIONS BY BATCH OPERATION WITH A STRONG ANION-EXCHANGER 
INTRODUCTION ( * ) 
The prepara t ion of pure - with respec t to both anions and cations -
isotopical ly enr iched l i thium hydroxide solutions from purified 
l i thium sal ts is impor tant for the p repara t ion of accura te ly de -
fined l i thium isotope mix tu re s using four methods of assaying 
descr ibed e lsewhere 
(2) 
Lithium, purified by an e a r l i e r descr ibed method , and con-
taining < 50 ppm a lka l i - and alkali ea r th t r a c e s , has to be t r a n s -
formed, without impor tant cationic contamination, to the hydroxide 
containing as few as 0. 01 - 0. 02 eq. % interfer ing anions. 
P repa ra t ions of dilute s tandard base solutions from alkali sal ts 
using elution anion exchange chromatography were descr ibed by 
R. W. Grunbaum , Davies and J. Steinbach , but in these 
publications no attention was paid to the cationic puri ty of the p r e -
pared NaOH or KOH solutions, and chloride concentrat ions up to 
2 eq. % were to lera ted . 
It is never the less impor tant to note that the above mentioned 
authors have obtained base solutions essen t ia l ly free from carbonate 
ions, which is essen t ia l in the case of l i thium determinat ions by 
ac id -base t i t ra t ion 
2. PRINCIPLE OF THE METHOD 
Based on the high select ivi ty of Dowex 1 for chloride ions, it can 
theore t ica l ly be calculated that l i thium chloride (cfr. 2. 1. ) can be 
t r ans fo rmed into l i thium hydroxide by success ive batch operat ions 
with the above mentioned res in . In p rac t ice this was l imited by 
the res idual anionic impur i t i e s contained in the ion exchanger . 
The main impur i ty found was chlor ide. F o r the res in used -
AG1-X8 - the chloride level was of the o rde r of 1 eq. %. Using 
analytical grade sodium hydroxide, this level can be reduced by 
elution to approximately 0. 15 eq. % 
It was calculated (cfr. 2.2) that, using AG 1-X8 of this chloride 
level, it would be possible to p repa re l i thium hydroxides with only 
0. 006 eq. % res idual chloride ions. 
(*) Manuscript rece ived on August 12,1968. 
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During exper iments , however , it was seen that la rge sodium con­
taminat ions could a r i s e due to the use of la rge amounts of AG 1 
at high pH­values . To el iminate this the anion­exchanger was 
washed with analyt ical grade l i thium hydroxide instead of sodium 
hydroxide, and secondly l e s s anion­exchanger was used. Fo r this 
it was calculated (cfr. 2. 3 and 2. 4. ) that if l i thium hydroxide is 
previously t r ans fo rmed into the sulfate, equal r e su l t s can be ob­
tained using 2 .5 t imes l e s s anion­exchanger . 
2 . 1 . Theore t ica l calculation of the t rans format ion of LiCl to LiOH 
Schematical ly, the p rob lem can be r ep re sen t ed by the following 
f igure: 
Solu. 
Resin 
CI" 
CI' 
s 
Cl ' 
r 
OH" 
OH' s 
OH» r 
batch Solu. 
operat ion Resir CI" 
CI 
CI' 
OH 
OH' 
OH' 
in which CI' and OH' r e p r e s e n t r e s p . the number of equivalents S s 
of chloride and hydroxyl ions in the solution, and CI' and OH' 
r r 
the number of equivalents of AG 1 in the chloride and in the 
hydroxyl form before the batch operat ion. CI" , OH" , CI" and 
OH" a r e the corresponding equivalents after the batch operat ion. 
These corresponding equivalents can be calculated from the 
equation of the select ivi ty coefficient ß : 
(CI) x (OH) 
= (Cl)s χ (OH) r 
Cl" χ OH" r s 
Cl" χ OH" s r 
(1) 
in which (Cl) and (OH) r e p r e s e n t the chloride and the hydroxyl 
S s 
concentrat ions in the solution (meq. / m l ) and (Cl) and (OH) thei r 
concentrat ions in the r e s in (meq. /g ) , and from the equations that 
follow from the fact that the total number of chloride ions (2), 
the total number of hydroxyl ions (3), the number of free ions 
7 -
bound to the r e s i n (4) and the number of ions in solution (5) 
must r ema in constant . 
CI' + CI' = CI" + CI" (2) 
r s r s 
OH' + OH' = OH" + OH" (3) 
r s r β 
CI' + OH' = CI" + OH" (4) 
r r r r 
CI' + OH' = CI" + OH" (5) 
8 S 8 S 
F r o m these equations one can r e s p . ca lcu la te : 
OH" = CI» + OH· ­ CI" (6) 
8 8 8 8 
OH" = OH» ­ CI' + CI" (7) 
r r s s 
Cl" = Cl ' + Cl ' ­ Cl" (8) 
r r s β 
Substitution of (6), (7) and (8) in (1) l eads to the following 
equation: 
( 8 ­ l ) · Cl" 2 + [8 (OH' ­ Cl ' )+(2 Cl1 +C11 +OH' )] ■ Cl" 
8 Γ S S Γ S I 
(Cl· + Cl ' ) ( C l ' + O H ' ) = 0 (9) 
S Γ s s 
The solution of equation (9) gives the r e s idua l chloride content 
of the solution after one batch opera t ion: 
-CS(OH' -CI1 )+(2Cl' +« , ' +OH' )3 +y[B(OH'-Cl ,)+(2Cl ,+Cl ,40H'] 2 + 4(9 -1)(C1' +C1' )(C1' +OH' ) ' 
* ■ 8 Γ · | T S M T B Β Τ Λ Μ , , ft* 
Ζ ( Β - 1 ) 
Influence of the chloride content of the ion­exchanger on the 
t ransformat ion of LiCl to LiOH . 
Fo rmu la (10) allows to calculate how the chloride content of the 
l i thium solution i s influenced by r e s idua l chloride content of the 
ion­exchanger . F o r the case of batch opera t ions on 100 meq. of 
l i thium and r e s in , the r e s u l t s of such calculat ions a r e summar i zed 
in Table 1. 
8 -
2 . 3 . T h e o r e t i c a l c a l c u l a t i o n of the t r a n s f o r m a t i o n of L i _ S O , to LiOH 2 — 4 
A s i m i l a r t h e o r y can be d e v e l o p e d for the c a s e of t r a n s f o r m a t i o n s 
of b i v a l e n t i o n s in to h y d r o x y l . The d e v e l o p m e n t and the g e n e r a l 
e q u a t i o n for SO . " a r e n e v e r t h e l e s s m o r e c o m p l i c a t e d . J u s t a s in 
g 
2. 1. one can r e p r e s e n t the p r o b l e m by : 
Solu. 
R e s i n 
s o -
so.' 4 s 
S O / ' 4 r 
OH" 
OH' s 
OH" 
r 
b a t c h 
o p e r a t i o n 
Solu. 
r e s i n 
so;" 
SO" 4 s 
S O " 4 r 
OH" 
OH" s 
OH" r 
and can w r i t e a n a l o g o u s e q u a t i o n s (11) to (18): 
(SO J · (OH)2 SO" ■ O H " 2 4 ' ' s 4 s g 
Q r r 6 r Β = ~ = r- x 
(SO.) · (OH)2 SO" · O H " 2 m l s 4 ' r 4 r s s 
S O . ' + S O / = S O . " + S O , " 4 4 4 4 r s r s 
OH' + OH' = OH" + OH" r s r s 
SO * + OH* = SO , " + OH" 4 r 4 r 
r ' r 
S O , ' + OH' = S O , " + OH" 4 s 4 s s s 
OH" = S O , ' + OH' - S O , " s 4 s 4 s s 
OH" = OH' - S O . ' + S O , " r r 4 4 s s 
S O . " = S O . ' + S O , ' - S O , " 4 4 4 4 r r s s 
H ) 
12) 
13) 
14) 
15) 
16) 
17) 
18) 
In t h i s c a s e , h o w e v e r , the e q u i l i b r i u m c h a n g e s when the weigh t 
of the r e s in (g ) or the volume of the 'solut ion (ml ) i s changed, and r s 
it i s suitable to introduce an "apparent" select ivi ty coefficient 
SO " · OH" 2 
0 ' - s y (11 bis) 
S O , " · OH" 4 r s 
which i s only constant for constant quant i t ies of r e s in and solution. 
Substitution of (16), (17) and (18) in (11 bis) leads to the following 
equation: 
- 3 . 
s s 
(1 + B1) S 0 4 " 5 + [2 β« (OH1 - S 0 4 ' ) - 3 (S0 4 ' + S 0 4 ' ) ] - 2 ( O H ' s - S 0 4 ' )] 
• SO " 2 + [β«(OH1 -SO ' )2+ 2(SO ' + SO * )(SO " +OH' )+(SO' V OH' ) ] 
s s s r s s 
• S 0 4 " - (S0 4 '+ OH' g ) 2 · (SO ' + S 0 4 ' ) = 0 (19) 
s s s r 
3 2 
This i s an equation of the type ax + bx + ex + d = 0. I ts solution 
gives the res idual sulfate equivalents in the solution after the batch 
operat ion. 
If one cons ide rs that the sulfate content of the ion-exchanger is 
negligible (SO ' = 0), one can calculate the values given in Table II 
for the t ransformat ion 1 1 0. 1 Ν LLSO (100 m e q . ) . F o r 0. 1 Ν 
sulfate solutions and equivalent quanti t ies of solution and r e s in P"was 
exper imenta l ly de termined to be 400. 
2 .4 . Influence of the chloride content of the ion-exchanger on the 
t ransformat ion of Li_SO . to LiOH — 2 4 
The second solution of table II s eems to be the most in te res t ing . 
We have calculated for this case the expected chloride content 
in the LiOH due to an anion-exchanger containing 0. 15 eq. % of 
chloride (cfr. 3 . 2 . ) . 
1 0 -
If we a s sume that during the f i rs t batch operat ion the res in 
i s p rac t ica l ly conver ted to the sulfate form and that all 
chloride ions a r e going into solution, and that during the 
2 following batch opera t ions we dispose over r e s p . 38 and 
50 meq. of r e s in in the OH form, we can calculate from 
formula (9) that CI " will be r e s p . 0.017 and 0. 007 eq. % 
S 
after the 2nd and the 3rd batch opera t ions . 
3. EXPERIMENTAL DETAILS OF THE METHOD 
3 . 1 . Determinat ion of the e lements of i n t e re s t 
3. 1. 1. T r a c e s of chloride on AG-1 
Chloride ions were de termined with a radiochemical method, 
110 m . ., (6) 
using Ag, descr ibed e l sewhere 
3. 1.2. T r a c e s of chloride in l i thium hydroxide solution 
Following the f i r s t batch operat ions chloride was de termined 
by Potent iometr ie t i t ra t ion of 5 ml aliquote with 0. 1 M si lver 
n i t r a te . 
F o r CI /OH ra t ios below 0. l/lOO this method is no more 
sensit ive enough. In this case 8 ml aliquots of 0. 1 M LiOH 
and 0. 1 M LiCl s tandard were success ive ly act ivated for one 
11 -1 -2 
hour in a t he rma l neutron flux of 10 n. sec cm 
Li, p resen t in the same concentra t ions and conditions in 
sample and re fe rence , was thereby used as an in ternal 
s tandard. 
After i r rad ia t ion , 1 ml 0. 5 M HCl and 0. 5 ml 10 M HNO 
were added to the samples and to 1/2 50 of the re fe rence . 
Chloride ions were prec ip i ta ted with 10 ml 0. 1 M AgNO , 
f i l tered and washed with 0. 01 M ni t r ic acid. 
F i l t r a t e s and wash solutions were collected in 50 ml flasks 
18 6 
and m e a s u r e d for F , induced by the reac t ions Li(n ,a)T 
11 
and Ο (Τ, n) F ; the prec ip i ta tes for Cl, induced by(n, γ ) 
37 react ion on CI. Measurements were per formed with a 
Nal(Tl) scinti l lat ion counter and a mul t i -channel ana lyse r . 
3 . 1 . 3 . Cationic impur i t i e s 
Alkal i- and alkali ear th me ta l s were de termined in anion -
exchanger ashes and in l i thium chlor ide , sulfate and hydroxide 
by the emiss ion spec t rographic se rv ice of the C .B . N . M . 
Sodium was a lso de termined by neutron activation analys is , 
using γ - spec t romet ry . 
3 . 1 . 4 . T r a c e s of sulfate ions in l i thium hydroxide. 
T r a c e s of sulfate were de termined photometr ical ly with cupric 
ion in aceta te medium of pH 4. 6 to 6. 0, after reduction of 
(7) sulfate ions to H S . 
3 .2 . The el imination of anionic impur i t i e s from AG 1 (OH ) 
1 g r a m aliquots of AG 1 - X 8 (OH )(Bio Rad Labora tor ies ) 
were eluted with different quant i t ies of 2 M NaOH (Analyti­
cal grade - U . C . B . - Belgium). 
After el iminating Na -ions with carbonate free bidist i l led water, 
the ion-exchanger was analysed a s mentioned in point 3 1 .1 . , . 
and it was found that the chloride content of the sodium hydro-
xyde solutions used l imi ts the obtainable hydroxyl content to 
99.8 - 99-9 eq. %. As explained in the theore t ica l cons ide ra ­
tions given in point 2, this i s sufficient to p r epa re l i thium 
hydroxide solutions with l e s s than 0.01 eq. % of chloride ions. 
3 . 3 . The el imination of cationic impur i t i e s from AG 1 (OH ). 
F r o m impur i ty studies it appeared that meta l l ic t r a c e s p resen t 
in the anion-exchanger before use , a r e near ly quantitatively 
t r a n s f e r r e d into the p repa red solutions. This means that the 
ion-exchanger must be quite free of meta l l ic impur i t i e s ( less 
12 
than 0. 25 / U g / g r a m d r y r e s i n ! ). 
Long w a s h i n g s wi th m a n y l i t e r s of w a t e r did not g ive s u c c e s s -
ful r e s u l t s b e c a u s e t r a c e s of s o d i u m i o n s a b s o r b e d d u r i n g the 
h y d r o x y l a t i o n of the a n i o n - e x c h a n g e r could not be c o m p l e t e l y 
e l i m i n a t e d . D u r i n g a t r a n s f o r m a t i o n of 50 m e i . of l i t h i u m 
c h l o r i d e in to l i t h i u m h y d r o x i d e by 5 b a t c h o p e r a t i o n s wi th 
50 m e q . of AG 1, c o n t a m i n a t i o n s of the h y d r o x i d e up to 
300 /Ug s o d i u m p e r g r a m l i t h i u m w e r e found. N e v e r t h e l e s s 
i t s e e m e d p r o b a b l e tha t t h e s e t r a c e s of s o d i u m could be e l i -
m i n a t e d by w a s h i n g the i o n - e x c h a n g e r wi th l i t h i u m h y d r o x i d e 
i n s t e a d of s o d i u m h y d r o x i d e . T r i a l s r e s u l t e d i n a s u b s t a n t i a l 
l o w e r i n g of the s o d i u m con ten t of the a n i o n - e x c h a n g e r whi le 
the r e s i d u a l c h l o r i d e con t en t w a s of the s a m e o r d e r t han wi th 
s o d i u m h y d r o x i d e . 
The s m a l l n a t u r a l l i t h i u m c o n t a m i n a t i o n tha t could a r i s e f r o m 
u n e l i m i n a t e d l i t h i u m a d s o r b e d by AG 1 i s of no i m p o r t a n c e , 
7 
b e c a u s e a c o n t a m i n a t i o n of 1 g r a m i s o t o p i c a l l y e n r i c h e d Li 
o r Li with 300 /Ug of n a t u r a l l i t h i u m only r e s u l t s in a 
7 0 . 0 0 2 3 % change of the i s o t o p i e c o m p o s i t i o n of 9 9 - 9 9 9 % Li , 
and in a 0 . 0 2 7 % change of the i s o t o p i e c o m p o s i t i o n of 9 9 - 0 % 
6 L i . 
4 . R E S U L T S AND DISCUSSION 
Di f f e ren t b a t c h e s of AG 1-X8 w e r e e lu t ed with 1 2 . 5 1 L iOH 
2 M - p r e p a r e d f r o m 9 9 - 9 8 % p u r e m e t a l l i c l i t h i u m (Koch & 
Light L a b o r a t o r i e s (England)) - and with 40 1 c a r b o n a t e f r e e 
b i d i s t i l l e d w a t e r p e r 100 m e q . of r e s i n . 1 . ] 94 g of p u r i f i e d 
6 7 
Li and 1.375 g of p u r i f i e d Li w e r e both t r a n s f o r m e d to 
l i t h i u m sul fa te wi th " s u p r a p u r " s u l fu r i c a c i d ( M e r c k A. G. -
G e r m a n y ) , d i lu t ed in 1. 7 to 1.8 1 b i d i s t i l l e d w a t e r , and t r e a t e d 
in 3 b a t c h o p e r a t i o n s wi th r e s p . 200, 100 and 100 m e q . p u r i -
fied r e s i n . The whole t r e a t m e n t w a s done in a glove box, 
f i l led wi th a r g o n . B i d i s t i l l e d w a t e r w a s d i r e c t l y d i s t i l l e d 
in to the box . 
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Aliquote of the ion-exchanger used were analysed for CI 
(cfr. 3 . 1 . 1 . ) and cationic impur i t i e s (cfr. 3 . 1 . 3 . ) . Lithium 
chloride and hydroxide were analysed by emiss ion spec t ro -
graphy, and l i thium hydroxide fu r the rmore tes ted for chlorine 
(cfr. 3 . 1 . 2 . ) , sulfate (cfr. 3. 1.4.) and carbonate . 
The r e su l t s a r e s u m m a r i s e d in Table III. 
T i t ra t ions with benzoic acid and l i thium analyses as sulfate 
revea led that the Li-yie ld of the t ransformat ion was 85 to 
90%. F r o m table III it can a lso be concluded that if the anion 
exchanger is washed with LiOH instead of NaOH the final 
sodium contamination is only 30 to 50 /Ug/g Li instead of 
300 /Ug/g Li. The total a lkal i - and alkali ear th contamination 
is reduced to approximate ly 100 /Ug/g Li. Residual sulfate and 
chloride contents a r e below 0 . 0 1 % . 
Final ly, m a s s spec t rome t r i c m e a s u r e m e n t s of the p repa red 
l i thium hydroxides show that no a l te ra t ion of the isotopie en-
r i chments could be detected. 
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T a b l e I 
C a l c u l a t i o n of the in f luence of r e s i d u a l c h l o r i d e of the i o n ­ e x ­
c h a n g e r on the t r a n s f o r m a t i o n of 100 m e q . L iC l to L iOH with 
e q u i v a l e n t q u a n t i t i e s of A G 1 ­ X 8 ( ß C l " / O H " = 25) 
­­
R e s i d u a l 
CI con ten t 
of the r e s i n 
N u m b e r of 
b a t c h o p e r ­
a t i o n s 
1 
2 
3 
_4_ 
00 
r 
5 % 
R e s i d u a l 
1 9 . 3 2 % 
1.19 % 
0 . 2 5 % 
0 . 2 1 % 
0 . 2 0 % 
1 % 0 . 2 % 
c h l o r i d e in the t r e a t e d 
17 .17 % 
0 . 8 3 % 
0 . 0 7 % 
0 . 0 4 % 
0 . 0 4 % 
T a b l e I I 
16 .77 % 
0 . 7 7 % 
0. 038% 
0. 009% 
0. 008% 
0. 1 % 
so lu t ion 
1 6 . 7 2 % 
0 . 7 6 % 
0. 03 % 
0. 0 0 5 % 
0. 004% 
0 % 
16. 67% 
0. 7 5 % 
0. 029% 
0. 0 0 1 5 % 
0% 
C a l c u l a t i o n of the t r a n s f o r m a t i o n of 100 m e q . Li_SO so lu t ion 
(0. 1 N) to LiOH by b a t c h o p e r a t i o n s wi th AG 1­X8. 
3 b a t c h 
wi th 50 
r e s i n ( 
B a t c h 
o p e r ­
a t i o n s 
0 
1 
2 
3 
o p e r a t i o n s 
m e q . of 
ßi =800) 
m e q . S O " 4 in so lu t ion 
100 
5 2 . 4 
9­8 
0. 08 
1 b a t c h 
100 ( β ' 
with 50 
(ß 
B a t c h 
o p e r ­
a t i o n s 
0 
1 
2 
3 
o p e r a t i o n with 
=400) and 2 
m e q . of resin 
1 =800) 
m e q . SO in 
so lu t ion 
100 
12. 0 
0. 10 
0 . 0 0 0 5 
2 b a t c h 
with 10C 
r e s i n ( 
B a t c h 
o p e r ­
a t i o n s 
0 
1 
2 
o p e r a t i o n s 
m e q . of 
B» = 400) 
m e q . S O in 
so lu t ion 
100 
12. 0 
0. 04 
16 ­
T a b l e III 
L 7 
R e s u l t s of t h e t r a n s f o r m a t i o n s of p u r i f i e d L i C l a n d L i C l 
to ^ L i O H a n d 7 L i O H by t h e m e t h o d d e s c r i b e d . 
I m p u r i t y 
L i 
N a 
K 
M g 
C a 
C l " 
s o 4 - -
C O ¡ " 
/ U g / g 
­
10 
5 
15 
<5 
L i 
6 L i 
C l 
/ u g / g L i 
­
2 5 
2 5 
15 
< 5 
A G ­ 1 
( o v e n d r i e d } 
0 . 0 6 p p m 
< 0 . 0 6 p p m 
0. 04 p p m 
0. 6 p p m 
< 0. 06 p p m 
0 . 1 0 ­ 0 . 1 7 e q . 
No t d e t e r m i n e d 
N o t d e t e r m i n e d 
L i O H 
/ 6 τ · / u g / g L i 
_ 
50 
50 
30 
3 5 
% 0. 00 3 e~ % 
< 0 . 0 1 eq % 
0 . 2 6 e q % 
' 7 τ · 
/ U g / g L i 
­
7 5 
50 
15 
3 5 
0. 0 0 4 e q % 
< 0 . 01 eq % 
0 . 2 3 eq % 
A l l "F.nrat-r*m rí»rw"*rrQ are* í i n n n i i n r p í l Í IC an 
NOTICE TO THE READER 
All Eurato  reports are announced, as and when they are issued, in the monthly 
periodical EURATOM INFORMATION, edited by the Centre for Information 
and Documentation (CID). For subscription (1 year : US$ 15, £ 6.5) or free 
'WRÂ 
mi 
publications 
des Communautés européennes 
pm " 
Sneu-r 
knowledge is to disseminate prosperity 
general prosperity and not individual riches — 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : * - ' * ■ ■*■ · * 
: disappears the greater part of the evil which is our 
All Euratom reports are on sale at the offices listed below, at the prices given on the back of the 
front cover (when ordering, specify clearly the EUR number and the title of the report, which are 
shown on the front cover). 
OFFICE CENTRAL DE VENTE DES PUBLICATIONS 
DES COMMUNAUTES EUROPEENNES 
N» 191­90) 2, place de Metz, Luxembourg (Compte chèque postal 
BELGIQUE — BELGIË 
MONITEUR BELGE 40­42, rue de Louvain ­ Bruxelles BELGISCH STAATSBLAD Leuvenseweg 40­42 ­ Brussel 
DEUTSCHLAND 
BUNDESANZEIGER Postfach ­ Köln 1 
FRANCE 
SERVICE DE VENTE EN FRANCE DES PUBLICATIONS DES COMMUNAUTES EUROPEENNES 26, rue Desabe ­ Paris 15e 
LUXEMBOURG 
OFFICE CENTRAL DE VENTE­DES PUBLICATIONS DES COMMUNAUTES EUROPEENNES 9, rue Goethe ­ Luxembourg 
NEDERLAND 
STAATSDRUKKERIJ 
Christoffel Plantijnstraat ­ Den Haag 
ITALIA 
LIBRERIA DELLO STATO 
Piazza G. Verdi, 10 ­ Roma 
UNITED KINGDOM 
H. M. STATIONERY OFFICE 
P. O. Box 569 ­ London S.E.1 
ΙΙι.ΛΙώ,'.'Ρ'ί 
EURATOM — C.I.D. 
51-53, rue Belliard 
Bruxelles (Belgique) 
CDNA04182ENC 
